AbstrAct: Because they are inexpensive platforms for satellites, CubeSats have become a low-cost way for universities and even developing countries to have access to space technology. This paper presents the ITASAT design, particularly the Attitude Determination and Control Subsystem, the Onboard Software, and the Assembly, Integration and Testing program. The ITASAT is a 6U CubeSat nano-satellite in development at the Instituto Tecnológico de Aeronáutica, in São José dos Campos, Brazil. The platform and its subsystems will be provided by industry while the payloads are being designed and developed by the principal investigators. The ITASAT Attitude Determination and Control Subsystem will rely on a 3-axis magnetometer, 6 analog cosine sun sensors, 3-axis MEMS gyroscopes, 3 magnetic torque coils, and 3 reaction wheels. The Attitude Determination and Control Subsystem operating modes, control laws, and embedded software are under the responsibility of the Instituto Tecnológico de Aeronáutica. A Kalman filter shall be employed to estimate the quaternion attitude and gyroscope biases from sensor measurements. The Attitude Determination and Control Subsystem operating modes are the nominal mode, with geocentric pointing attitude control and the stabilization mode, in which only the satellite angular velocity is controlled. The nominal mode will be split into 2 sub-modes: reaction wheel control plus magnetic wheel desaturation and 3-axis magnetic attitude control. Simulation results have shown that the attitude can be controlled with 1-degree accuracy in nominal mode with the reaction wheels, but these errors grow as much as 20 degrees or higher with the 3-axis magnetic control.
IntroductIon
CubeSat platforms use Commercial Off-The-Shelf (COTS) components that cost tenths of the expensive radiation-resistant and space qualified components. One of the greatest advantages of these nano-satellites is the possibility of using them as technological development platforms, in which new equipment, new ideas, and new concepts can be tested, qualified and optimized before going through the high reliability commercial systems. This technology is ready to develop and to perform in orbit testing of sensors, actuators, and control logic at low cost for the Attitude Determination Control System (ADCS) of CubeSats. With few adaptations, control logics can be integrated to large satellites, with the advantage of already having been qualified in flight. Brazil has placed 3 CubeSats platforms in orbit, all of them with passive attitude stabilization, without active control. Four CubeSats are under development, and these should have 3-axis autonomous attitude stabilization and control.
As a recent technology, there are still few publications concerning CubeSats attitude stabilization and control. In recent years, however, several space missions based on nano-satellites have been launched, with some of them with onboard active attitude control. Vega et al. (2009) , for instance, showed a magnetic actuation system for precession control of a 3U spin stabilized CubeSat, with magnetometer and coarse sun sensors for attitude determination. Li et al. (2013) describe the design of an ADCS for CubeSat, with a non-linear fuzzy controller (Adaptive Fuzzy Sliding Magnetic Control) based on reaction wheels, which showed superior performance for a conventional Proportional, Integral and Derivative (PID) controller in simulation. Oluwatosin et al. (2013) demonstrate the stability of an attitude control for CubeSat using 4 reaction wheels with quaternion feedback error. Babcock and Bretl (2011) suggested a Kalman filter with state supplied by the truncated quaternion, as originally formulated by Lefferts et al. (1982) . They applied the filter for the attitude estimation process of a CubeSat, with vectors provided by a magnetometer and coarse sun sensors based on current generated in the solar panels. A similar procedure was employed by Vinther et al. (2011) to estimate the attitude of a CubeSat with an Unscented Kalman Filter whose state was defined by the attitude quaternion and angular rate. To get rid of the singularity in the covariance matrix, that authors utilized the delta-quaternion, as formulated by Lefferts et al. (1982) . In a thorough job, Quadrino (2014) presented the ADCS design and testing plan for the MicroMas CubeSat. This satellite employs 6 coarse sun sensors, 4 infrared horizon sensors, an Inertial Measurement Unit (IMU) with a 3-axis magnetometer, an accelerometer, and a 3-axis gyroscope. Attitude determination is performed by a TRIAD algorithm (Black 1964) , together with an algorithm that selects the best combination of 2 vectors from the 3 sensors. A Kalman filter based on the study of Lefferts et al. (1982) , with state given by the reduced quaternion (obtained by TRIAD), estimates and filters the attitude quaternion and the gyroscope bias. The MicroMas attitude control is performed by a set of three reaction wheels and three magnetic torquers.
Attitude control by purely magnetic means faces 2 major problems: the generated torque is always perpendicular to the direction of Earth's magnetic field, and the magnitude of the torque varies with the orbital position of the satellite. Both prevent the linear control theory to be applied in proving the attitude stability. Due to this reason, several studies have been proposed to demonstrate the stability of purely magnetic controllers with state feedback (Byrnest and Isidori 1991; Lovera and Astolfi 2004) , with or without attitude determination (Bushenkov et al. 2002) . Silani and Lovera (2005) adopt an H ∞ periodic controller to demonstrate the stability of the magnetic control, and Psiaki (2001) describes a purely magnetic control that uses a periodically asymptotic linear quadratic regulator.
The ITASAT shall be placed in a sun-synchronous low altitude circular orbit, around 600 km, with 97° inclination. Launch campaign is scheduled to last from March till May 2017. The main payload is a transponder that receives and transmits environmental data collected by autonomously operated platforms on ground. The ITASAT satellite is based on a CubeSat architecture with 6U shape, arranged in a matrix of 3 × 2 cubic units, with mass around 4.5 kg. The ITASAT bus was acquired from industry, including the Power, Telemetry, Tracking and Command (TT&C), OnBoard Computer (OBC) subsystems, and ADCS components. The main objective of this paper is to present the current status of the ITASAT design, particularly on the Assembly, Integration and Testing (AIT) program and the ADCS, which is the most complex subsystem on the satellite. Although the ADCS components were bought from CubeSat industry, the control logic, attitude determination, and operating modes shall be developed by an in-house program. Attitude determination is based on 2 vector measurements, provided by a 3-axis magnetometer and coarse sun sensors (CSS). Angular rate will be achieved by a set of MEMS gyroscopes. The magnetometer and gyroscope signals are digitally acquired by a microprocessor and transferred to the OBC by an I 2 C interface, which also reads the CSS and computes the control logic. The OBC board comprises also a second magnetometer. This paper describes the ADCS design of ITASAT, together with details of the TT&C software architecture and the AIT plan. Some results from attitude simulation of the ITASAT in each operating mode will be shown, together with the efforts that were carried out to accomplish the requirements for the mission. Currently the flight model is already ready to be launched, although some minor changes in the flight software are still to be made. Next section will present the ADCS subsystem, the ITASAT operating modes, and the simulation results. In sequence the Onboard Software design and the AIT program design will be presented.
Attitude determinAtion And control subsystem
The ITASAT attitude was specified to be 3-axis stabilized with the yaw axis (x-axis) pointing towards the zenith, as shown in Fig. 1 . The z-axis shall remain aligned to the orbit angular The ITASAT CubeSat Development and Design momentum, perpendicular to the orbit plane. The y-axis (roll) completes the body-fixed frame, aligned to the satellite velocity vector. Although there is no requirement to align both the roll and pitch axes with the orbit velocity vector and angular momentum, attitude stability is achieved only when the axis of the largest moment of inertia, that is, the z-axis remains aligned to the normal of the orbit plane. The body-fixed frame yawroll-pitch is parallel to the orbit frame x-y-z when the satellite pointing error is null.
Attitude determination relies on a set of 5 coarse analog sun sensors (CSS) on each satellite side, except the face pointing to Earth, where there is no sensor, together with a 3-axis magnetometer (MAG) and a 3-axis MEMS gyroscope (GYR). Attitude control is achieved by means of a set of 3 magnetic torque coils (MT), 2 of which uses a magnetic core material and one is an air core coil, and 3 reaction wheels (RW). All sensors and actuators have their axes aligned to the satellite axes.
There are no restrictions concerning the attitude pointing error and determination accuracy. However, since one of the payloads is a camera, it was established that a pointing error below 15 degrees is acceptable. Requirement on the attitude stability is more restringing, actually, and shall be better than 0.06 o /s in order to guarantee a sharp picture. This is not an easy task, since MEMS gyroscope outputs barely reach this magnitude.
To fulfill the control requirements, four attitude control modes were envisaged. Just after orbit injection and starting the onboard computer, the satellite automatically enters in Safe Mode (SM), in which no actions for attitude control are taken. This mode allows ground commands and sends onboard telemetry; however, sensors and actuators are switched off. By ground command the SM can be switched to Attitude Stabilization mode (ASM) or alternatively to the Attitude Determination and Estimation mode (ADE), as shown in Fig. 2 . In fact, the ADE is not a real operating mode, since the computations for attitude determination and estimation are also done in all modes, except the SM. It is considered a true mode due to the necessity of attitude knowledge even when the attitude is not being stabilized or controlled. Moreover, by checking the attitude determination error from telemetry (by means of the filter residue, for instance), the Earth Pointing Mode (EPM) can be activated without taking risk of instability in the attitude control. In Fig. 2 , the filled lines represent ground commands while the dotted lines mean autonomous reconfiguration onboard commands.
In Attitude Determination and Estimation the procedures to perform both attitude determination and estimation, as explained in next section, will be carried out. The attitude knowledge will be further used in Earth Pointing Mode to properly point the satellite to Earth. However, in the ADE mode only, all the actuators are switched off and no actions on attitude control are done. Two conditions are needed to allow EPM command: the attitude shall be known with high confidence and the satellite angular rate shall be small. The first condition is acquired by the ADE mode and last condition is achieved by the ASM mode. In the ASM the satellite angular rate shall be damped till a maximum specified value of 0.6 o /s ≈ 0.01 rad/s in any axis. This low rate assures the necessary condition for entrance in the three-axis attitude control mode (EPM), since a large angular momentum of the satellite could saturate the reaction wheels. Two different algorithms shall be implemented to ASM mode: the B-dot algorithm (Bushenkov et al. 2002) , and a Rate Reduction mode (RR), similar to the B-dot but based on gyro measurements instead of the Magnetometer time derivative. The EPM aims to point the negative x-axis to Earth and to keep the angular rate below the specified value. Again, 2 types of control laws were implemented in the onboard computer. The first one employs a Reaction Wheel Controller (RWC) with a conventional PID with gains adjusted to drive the reaction wheels whenever an attitude pointing error is detected. The angular rate is also adjusted to track the orbital rate, around 0.06 o s, so as to keep the right attitude when the satellite travels its orbit. Reaction wheel speed will be damped by means of magnetic torques, provided by the MT, in order to maintain the RW rate in a safe range. The second control law is a 3-axis Magnetic Torque Controller (MTC), which also uses a control based PID exclusively on the magnetic torque coils to drive the satellite attitude. Due to the small torque provided by this type of actuator, it is expected that the attitude error will be larger than the previous controller with the RW. Moreover, the inability of the MT to generate torques in 3 axes can jeopardize this type of control, and makes gain adjusting a real hard job. These 2 types of controller are needed due to the energy restrictions for operating the RW during the whole orbit. From the EPM the satellite can be commanded to enter in any of the remaining attitude operating modes by ground command or in the SM by the autonomous reconfiguration command, which employs specific algorithms to detect attitude anomalies. These anomalies are then analyzed by the on-ground specialists and actions are taken in order to overcome the problem, if any. Figure 3 illustrates the entrance condition and stability range of each operating mode and control algorithm, as function of the satellite's angular rate. As seem in this figure, either the B-dot or the RR can manage to drive the angular rate to a condition that enables the EPM operation with the reaction wheels (RWC). Although the MTC has a large operating range, in terms of angular rate, it lacks controllability in low velocities. The next sections will present respectively the ADE, the ASM, and the EPM algorithms for ITASAT.
the geomagnetic field rotates together with the Earth, the model computes the field strength in Earth centered coordinates as function of the geocentric latitude, longitude and altitude (or the radius from Earth's center) of the true satellite position in its orbit. Therefore the satellite orbit shall also be onboard propagated to feed the geomagnetic field with proper data. The SGP4 (Hoots and Roehrich 1980) analytical orbit propagator will be used to compute the satellite inertial position, whereas the geomagnetic field will be calculated by the International Geomagnetic Reference Field (IGRF) model (International Association of Geomagnetism and Aeronomy 2015). The SGP4 takes as input the Two Line Elements (TLE) provided by NORAD (Kelso 2015) , with 2 days delay, normally. Figure 4 shows a simplified block diagram of the ADE mode for attitude estimation with Kalman filter, which estimates the inertial attitude quaternion, q, and the gyroscope biases, b. The angular rate ω is computed by a low pass filter applied to the gyro measures compensated from the biases. The remaining attitude determination methods follow similar procedures. Care must be taken when the satellite is in the Earth's shadow, due to the unavailability of CSS data. The time and date necessary for computations are provided by an onboard real time clock (RTC). The complete filter model and equations can be found in Carrara (2016) as well as the control laws for the operating modes, except for the Attitude Stabilization Mode, whose control law will be presented in next section. It is assumed that a prior on ground calibration of the magnetometer was carried out, so the expected in orbit magnetometer bias is negligible (Amorim and Martins Filho 2016) . 
Ade mode
The ADE algorithm employs 2 methods do compute the satellite attitude: the TRIAD (Black 1964; Markley 1998; Markley and Crassidis 2014) , or QUEST (Shuster and Oh 1981) , alternatively, and a Kalman filter with reduced order covariance matrix (Lefferts et al. 1982) , or with incremental quaternion (Garcia et al. 2016) . Alternatively the Kalman filter can estimate not only the attitude, but also the disturbance torques (Söken and Hajiyev 2014) . Either a low pass filter (LPF) on the gyroscope measurements or a numeric derivative of the attitude can be employed to compute the satellite angular rate, and since the attitude can be estimated by several methods, the number of combinations to compute the attitude and rate is high.
Attitude determination is performed with 2 vectors attitude determination algorithms, based on the magnetometer and solar sensor readings, which needs also knowing these vectors in a reference frame, normally the inertial or the orbital frame. For ITASAT these reference vectors are computed by the onboard computer based on numeric models of the geomagnetic field and the Sun's direction in inertial coordinates. However, since 
Attitude stAbilizAtion mode
The purpose of the ASM is to reduce the initial angular rate of the satellite, around 10 rpm, to a specified value of The ITASAT CubeSat Development and Design 0.04 rpm, which is 4 times larger than the controlled rate in EPM. As mentioned before, 2 methods will be implemented; each can be selected by ground command. The B-dot algorithm employs the time derivative of the Earth's magnetic field as measured by the magnetometer to generate a torque by the magnetic coils that tries to break the satellite. Since the magnetic torque is given by the cross product between the coil magnetic moment and the Earth's field strength, as is achieved in less than 6 h after orbit injection. It was adopted in simulation a sun-synchronous orbit at 630 km altitude, and the sensors were modeled with Gaussian noise and bias compatible with the information provided by the supplier. A constant residual magnetic moment of 0.001 Am 2 magnitude on the satellite was considered as a single perturbation on attitude. A maximum dipole of 0.04 Am 2 (20% of the maximum available) in each magnetic torque coil was adopted to avoid fast control action, which could destabilize the attitude. Considering the expected satellite inertia, the kinetic rotational energy corresponding to the maximum angular rate of 0.01 rad/s is around 5 μJ. The simulated kinetic energy after orbit injection is shown in Fig. 5 . The stability condition is achieved after 7 h. so the magnetic moment vector can be obtained by
( 2) and remembering that by the time derivative of a vector in a rotating frame is such that where the subscripts i and b mean the derivative taken in the inertial and body fixed frames, respectively, it results, after substituting Eqs. 3 and 2 in Eq. 1, considering, of course, that Ḃ| i « Ḃ| b and therefore Ḃ| i can be neglected. The magnetic torque is opposed to the component of the angular rate perpendicular to the magnetic field B, and can decrease this component. Even considering that the component of ω in the direction of B can not be reduced, it will always be possible to generate torque in three-axis, although not at same time, since B changes slowly as the satellite travels its orbit. The Rate Reduction algorithm is similar to the B-dot, except that it takes directly the satellite's angular rate as measured by the gyroscope, instead of the time derivative of the geomagnetic field, to compute the magnetic moment to be applied to the MT:
eArth Pointing mode
The EPM aims to point the satellite axis to Earth and to keep the angular rate closed to the specified value. Due to limitations on the energy available for the ADCS, the reaction wheels can not be operated the whole orbit. So it is necessary to switch between the 2 control laws of the EPM whenever the satellite needs fine Earth pointing to acquire pictures, for instance. This can be done only when the satellite is in contact with mission center, located in São José dos Campos, Brazil. For the remaining of the orbit 3-axis magnetic attitude stabilization and control will be employed. The control laws and the simulated results are shown in sequence.
EPM with Reaction Wheel Control
When in fine pointing mode, the wheel's speeds need to be damped by a magnetic control law. The block diagram of the RW control is shown in Fig. 6 . The RW controller, C RW , computes the attitude error in Euler angles from the attitude quaternion q with respect to the reference attitude, besides the satellite angular velocity with respect to the orbital frame, and applies them to a conventional PD controller, which, in turn, commands the torque to the reaction wheels. The magnetic controller takes the wheel speed and applies a proportional gain to drive the TR and to keep the speed inside the specified range.
error in Euler angles of a yaw-roll-pitch sequence lasting 7 h (4 orbits, approximately). Although the error exceeds the specified pointing requirement, it is still inside the allowed range most of the time. The reaction wheel speed is shown in Fig. 8 . An angular momentum corresponding to a 200 rpm (≈21 rad/s) was commanded in the magnetic controller for both pitch axis and roll-yaw plane. The RW model comprehends a dead band of 50 rpm around the 0 speed, according to supplier data, besides a torque and speed hardware limits. The dead band proved to be significant in attitude stabilization and pointing accuracy. A simulation of the EPM was carried out using the Kalman filter to estimate the attitude and a low pass filter on the simulated gyroscope. The gyro model considers a drift, or bias, a bias instability, a Gaussian noise, sensitivity scale factor error and crossover coupling sensitivity. A low pass filter is applied to the simulated gyro measurements prior to Kalman filtering. Magnetometer and CSS models are based on Gaussian noise, scale factor errors and cross-axis coupling only. On Earth shadow the attitude is still estimated using MAG but with reduced accuracy. The proportional magnetic control to unload the RW momentum is composed of 2 individual controllers: to adjust the speed of the pitch wheel, and to control the speed in the roll-yaw plane. So it is possible not only to damp the wheel's speed, but also to set a non-null angular rate on pitch axis or on the roll-yaw plane.
Simulation results of the EPM mode are shown in Figs. 7 and 8. Figure 7 presents steady state of the attitude pointing
EPM with Magnetic Control
Due to energy saving, the EPM with magnetic control, which will be switched by ground command, is the main attitude controller running on the satellite. It employs a PID controller based on the Conventional Cross Product Law (CCPL) (Camillo and Markley 1980 ) to obtain the magnetic moment to be applied on the MT. The magnetic moment will be commanded by PWM (Pulse Width Modulation) acting on the coils. Since this control is unable to generate torque around the Earth's magnetic field, the controller to be applied has to be very weak, just enough to compensate the disturbance torques. So, the slow variation of the Earth's field with respect to the orbit frame can be used to allow torques in all axes. The derivative gain was chosen relatively large, to stop the satellite attitude motion with respect to the orbital frame. The integral torque, on its turn, has to be very small and acts to compensate the external disturbances. The proportional gain remains in the middle.
The EPM magnetic control is highly influenced by the noise coming from the sensors, particularly on the gyroscope. Due to this reason, similar results were achieved when either the TRIAD attitude determination or the Kalman filter provided the attitude reference for control logic, even considering that the latter provides attitude information in the whole orbit, while the CSS measurements necessary to the TRIAD algorithm is available only on the sunlit part of the orbit. During shadow the magnetic three-axis control takes no action, except by the integral control, which remains active with the last value computed before the satellite enters in Earth shadow. Additionally, satellite angular rate was obtained with a low pass filter applied to a numeric derivative of the attitude, resulting in a less noisy control. To avoid unnecessary control action that happens when the control torque vector is almost aligned to the Earth's magnetic field, a dead band on the control was introduced, which turns off the coils whenever the angle between these vectors is less than 53°. The gains were adjusted to each axis: the higher the moment of inertia the higher the gain. Attitude error was calculated again by the Euler angles (yaw-roll-pitch) with respect to the orbital frame. A maximum duty-cycle of just 10% was adopted in the PWM of the magnetic torque coils, to avoid sudden changes in control action. However, the 0.001 Am 2 residual magnetic dipole on the satellite proved to be strong enough to destabilize the attitude when the MT is the only actuator. That means that a magnetic cleanliness on the satellite during integration shall be necessary in order to reduce the dipole to at least 10% of that value. The simulation results assume that the maximum residual dipole is, therefore, 0.0001 Am 2 . Figure 9 shows the attitude error in EPM with 3-axis magnetic control, in terms of the Euler angle, from an Euler-axis and angle attitude representation. From an unknown initial attitude, the satellite reaches the steady state after 15 h, approximately. The final error is still large, around 30° maximum, but it is acceptable for this type of control. There are several reasons that explain this large final error, but the inability of the gyroscope to sense such small angular rates, of 10 -4 rad/s magnitude, is the major one.
onboard SoFtware
The architecture of the ITASAT onboard software was designed following the modularity applied to the CubeSat structure and hardware; in this context, modularity means the capability to isolate software modules (minor parts of the software) of the remaining system. This modularity is a key point for ITASAT, since one of the major objectives of this project is to develop a multi-mission platform. The modularity allows exchanging parts of the system with small impact in the whole system, thus reducing some eventual rework and helping in the execution of the tests, because once the module is validated, it integrates with the onboard software and only the interfaces need to be validated, usually during integration tests. Other advantage of the modular system is the ability to identify independent parts and to develop them in a parallel way, thus allowing an optimized development of the whole system. However, this kind of development imposes new challenges, because each module of the system shall be clearly defined, detailing its features, vulnerabilities and interfaces, which is not easily done. In the case of ITASAT, Unified Modeling Language (UML) (Object Management Group 2016a) and Systems Modeling Language (SysML) (Object Management Group 2016b) were used to design all the system characteristics: the first one was used strictly for the software and the second one for general purpose of the system.
softwAre comPonents
The ITASAT onboard software was structured in components, modules and units, with the components being sets of modules and the modules as sets of units. The modules inside a component contain specific features of that component. Generally, the software components have many modules with similar features. For instance, in the ITASAT there is a software component called Internal Communication; this component has many software modules with features related to communication between parts of the system, either the communication among different equipment or components of the same software on the onboard computer. Figure 10 illustrates the UML modeling of the Internal Communication component. All the software components of ITASAT were represented using component diagrams. Two components are shown in Fig. 10 : Internal Communication and General Function Management, and also 3 interfaces are shown: getIcData, setIcOpMode, and getEquipmentData. 
softwAre execution
Another characteristic of the software components are the tasks controlled by the real-time operating system FreeRTOS (Real Time Engineers 2016). These tasks control the software operation, and mostly, can be configured independently, which brings modularity not only on design level, but also on execution level. Figure 11 illustrates the software layers for the ITASAT. It shows that lower-level tasks such as hardware configuration and drivers are hidden from the software components by the real-time operating system, which is responsible for managing the execution of those components. Each software component has tasks to control its own operation, and therefore the components can be developed and tested apart each other, by activating or deactivating the tasks of interest.
Assembly, integrAtion And testing
The ITASAT-AIT program aims to establish system integration procedures and to apply standard methods for validation and verification testing. With these 2 objectives in mind, the program seeks to develop a modular platform that minimizes the physical interaction between components. The modular goal impose restrictions to the satellite resulting a system composed of several self-contained units that can be easily removed or replaced without significant changes in the platform. This concept allows cost reduction by 10 to 15% and enables the platform to be employed in different tasks with different payloads, besides schedule reduction of AIT activities, mission customization, design heritage, and technology development and consolidation (Kingston 2005) .
The ITASAT has a structure volume of six CubeSat units, or 6U, organized in a matrix layout of 2 × 3 units. The internal subsystems were arranged in the units according to (Fig. 12 ):
• 1U for Power and Energy Subsystem.
• 1U for Onboard Computer Subsystem.
• 2U for Attitude Determination and Control Subsystem.
• 2U for Payloads. There are several models that can be used for development and verification process (European Cooperation for Space Standardization ECSS 2012). The philosophy of model defines the determination based on two vectors combined with a filter estimation process, which uses the information provided by the gyros, proved to be adequate to meet the modest pointing requirements, with attitude determination accuracy around 10 degrees. The attitude control is performed by magnetic coils that provides stability during most of the orbit, and reaction wheels which allow high pointing accuracy but for limited time due to availability of onboard power. Simulations of the attitude control of ITASAT were quite realistic, with the inclusion of different effects that contribute to assure realism, based on the characteristics of the sensors and actuators. A Kalman filter that estimates the attitude quaternion with the gyro bias allowed a smooth control action either with the reaction wheels or with the magnetic coils. An important point to emphasize is that the ITASAT shall be the first 3-axis attitude stabilized satellite with reaction wheels whose control logic and software developments, allied to testing and qualification procedures, were totally carried out in Brazil.
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optimal number and characteristics of physical models needed to achieve confidence in product verification and a smaller impact on costs and risks. ITASAT design will rely in 2 models: the engineering model for functional testing and staff training, and the proto-flight model for acceptance testing and system qualification. However, according to the CubeSat philosophy, the components used for both models shall be the same, which simplifies the qualification and acceptance procedures. In fact, the proto-flight model is needed just because the components of the satellite have been stressed during qualification and acceptance tests to validate the platform, and therefore can not be used for flight or proto-flight models.
The ITASAT AIT campaign foresees random and sinusoidal vibration testing, shock analysis and thermo-vacuum cycles, together with mass properties and magnetic balancing. All these tests are required to increase product quality and to prevent failures that usually can occur in CubeSats. It is estimated that the ITASAT AIT campaign lasts 48 days.
concluSIonS
The ITASAT project is being carried out by university students with funds provided by the Brazilian Space Agency (AEB). The solution adopted for the platform, a 6U CubeSat, can accommodate several payloads with different attitude pointing and stability requirements. Subsystems were purchased directly from the industry, while the payloads are being developed, tested and qualified by leading researchers. The solution adopted for the ADCS, with attitude
